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(57) Abstract 

A multi-grade spirally wound p^crboard winding core (10) of enhance resistance to inside diameter deformation includes a plurality 
of structural paperboard layers having at least two predetermined densities including a lower density (26, 28) and a higher density (22, 32) 
wherein the lower density is at least about 3 % less than the higher density. The cylindrical bodywall is defined in radial cross section by 
at least one centrally located paperboard layer (24, 26, 28) disposed between at least one radially inwardly located structural paperboard 
layer (32) and at least one radially outwardly located strucmral paperboard layer (22) is formed from the lower density paperboard and the 
inwardly and outwardly located structural paperboard layer are formed firom higher density paperboard. 
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. YARN WINDING CORES 



Field of the Invention 



The invention is directed to mult i -grade 



paperboard winding cores having enhanced resistance to 
inside diameter reduction. The invention is also 
5 directed to winding processes employing these cores and 
to wound packages of yams and films • including these 
cores . 



10 paper, film and textile industries to wind material as 
it is manufactured. The paperboard tubes themselves 
are manufactured continuously by spirally winding 
multiple paperboard strips, or plies, around a 
stationary mandrel, Paperboard tubes are also made in 

15 a convolute winding process by forming a multiple layer 
wrap of a wide paperboard sheet around a stationary 
mandrel. Although paperboard is relatively weak on a 
single ply basis, a tube constructed from multiple 
spirally wound plies or convolute woxind layers of 

2 0 paperboard can attain substantial strength. 



cores have been subjected to increasingly higher levels 
of stress, due to changes in film and fiber properties, 
improvements in winders, and changes in package sizes. 
25 In the textile industry, substantial increases have 



Background of the Invention 
Paperboard tubes are widely used . in the 



In recent years, paperboard tube winding 
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been seen in the strength of various yarns, such as 
multi- filament continuous yams of nylon, polyester, 
etc, resulting in the application of increased 
compressive force to the tube exterior. In the film 
5 industry, improved materials and processes have also 
resulted in higher winding tensions and increased 
stress on film winding cores. At the same time, 
efficiency considerations and improvements in 
automation have resulted in increased quantities of 

10 yarn and film wound onto individual yam and film 
packages, further increasing the compressive forces 
applied to the paperboard winding cores. 

These increasing compressive forces have 
increased the occurrences of tube "failure" of the type 

15 commonly known as inside diameter (ID) "comedown," 
which involves a decrease in the tube ID during the 
winding process. In many textile and film winding 
processes, the winding core is supported on a winding 
mandrel. In the event of substantial winding core ID 

20 comedown during the winding process, the paperboard 

core forming the interior of the finished yam or film 
package, can so tightly grip the exterior surface of a 
winding mandrel that the final package cannot be 
removed from the winding mandrel until the wound yam 

25 or film has been removed from the core, typically by 
cutting, thus destroying the yam or film. 

It is generally understood that the overall 
strength of paperboard tubes can be increased by 
increasing tube wall thickness and/or by employing 

30 stronger paper strips for the plies of the tube. In 
this regard, paper is available in a wide variety of 
strengths. Paper strength is improved by increasing 
the mechanical refining of paperboard pulps and by 
compressing the paperboard during manufacture. 

,35 Further, paperboard strength is influenced by fiber 
type and quality. As a general mle, stronger 
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paperboard sheets have a higher density than low 
strength paperboard sheets. 

However, increasing the wall strength of 
paperboard winding cores by increasing the wall 
5 thickness of the cores increases use of natural 

resources, i.e., wood pulp. And forming the tube walls 
from higher density, higher strength papers can result 
in greater use of energy resources due to the greater 
energy resources often used in forming these papers • 

10 Moreover, the nature of the high strength, high density 
papers limits the types 'and amounts of recycled paper 
that can be used in the paper manufacturing process. 

In response to industry needs for stronger 
paperboard cores, substantial effort has been focused 

15 on txabe manufacturing processes and tube designs . 
Paperboard is an orthotropic material. Thus, 
paperboard strength properties are different in the 
machine direction (MD) and in the cross machine 
direction (CD) (MD refers to the direction of paper 

2 0 production during the manufacturing process, and CD 

refers to the direction perpendicular to the MD in the 
plane of the paper) . The difference in properties 
between the MD and CD can be attributed to the tendency 
for more paper fibers to be aligned along the MD as 
25 compared to the CD. The orthotropic properties of 
paper influence tube strength and complicate any 
accurate prediction of tiibe strength. 

In addition, the paperboard strips used to 
prepare spirally wound paperboard tubes are wound at 

3 0 varying angles, and tube properties depend, at least in 

part, on the winding angle of the spirally wound 
strips . The winding angle thus further increases the 
difficulty of accurately predicting paperboard tube 
properties . 

35 As with other materials, paperboard tubes 

exhibit different strength values depending on which 
strength characteristics are measured. These different 
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strength characteristics, such as compressive strength, 
tensile strength, beam strength, etc . , can vary 
according to tube construction. The standard industry 
test to evaluate the strength of paper tubes is the 
5 flat crush test. This test involves compressing a tube 
along its sides by placing the tube between two flat 
plates. One plate is stationary while the other moves 
at a constant displacement rate transversely to the 
axis of the tube. The flat crush strength is the 

10 maximum load obtained during the test. The flat crush 
test has been relied on in the past as an indicator of 
a tube's resistance to inside diameter reduction, i.e., 
ID comedown, during a winding process. 

Radial crush strength of paperboard tubes can 

15 also be evaluated by applying increasing fluid pressure 
loads uniformly around the circumference of the tubes 
until their failure; see T.D. Gerhardt, JExteraal 
Pressure Loading of Spiral Paper Tubes: Theory and 
Experiment, Journal of Engineering Materials and 

20 Technology, Vol, 112, pp. 144-150, (1390). This paper 
also provides a detailed mechanics analysis of stresses 
and strains in single -grade spirally wound paperboard 
tubes loaded in imiform radial compression and 
concludes, inter alia, that the maximum hoop stress 

25 occurs at the outside radius of spirally wound 
paperboard tubes under these conditions. 

Although paperboard tubes are typically 
manufactured primarily from single paper grades, multi- 
grade configurations are also used for various reasons. 

30 For example, in some cases, a special surface finish is 
needed on the tube outside diameter (OD) or on the tube 
ID, and a paper ply having such a finish is therefore 
used on the OD or ID. Different grades of paper are 
also used in order to satisfy other special property 

3 5 requirements for the tube ID or OD, for example, as 

might be required for interaction with a chuck or other 
structure . 
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Although multiple grades of paper have 
previously been used to produce spirally wound 
paperboard tubes, multiple grades of paperboard have 
not in the past, to the knowledge of the present 
5 inventors, been positioned with the intent and effect 
of minimizing inside diameter reduction during a 
winding process involving a large radial compression 
loading. 

Summarv of the Invention 
3^0 The invention provides multi-grade paperboard 

winding cores of enhanced resistance to inside diameter 
reduction during winding processes: The multi-grade 
paperboard tr±)e constructions of the invention can 
provide substantially improved efficiencies in film and 
15 yam winding processes by minimizing or eliminating 
yam and film loss from ID comedown failures during 
winding. The multi-grade winding cores of the 
invention can provide winding cores of enhanced ID 
comedown resistance without requiring increases in txabe 
20 wall thickness and/or while minimizing the necessity 
for using substantial quantities of resource -intensive 
high density paperboards. 

In accordance with the invention, it has been 
found that txabe constructions which optimize flat crush 
25 strength, or which optimize radial crush strength, do 

not noxTTially result in optimization of resistance to ID 
reduction during winding processes. Although not 
wishing to be boxind by theory, it is believed that txibe 
ID reduction, i.e., comedown, is not accurately 
30 predicted based on tube strength; rather, ID reduction 
is more accurately predicted based on tube stiffness 
(modulus), at the inside periphery of the tube wall. 
Tube strength tests, such as flat crush and radial 
crush, measure the forces causing complete failure of a 
35 tube. However, the radial compression forces applied 
to a paperboard tube during a yarn or film winding 
process are normally much less than the radial crush 
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strength of the t\ibe at failure. Nevertheless, ID 
comedown occurs under these conditions. 

The winding cores of the invention are based 
on the recognition that ID comedown "failure" of 
5 paperboard tubes results from excessive radial 

deformation at the interior of the tube structure, and 
not necessarily from the complete failure, or 
destruction, of the tubular structure. Because prior 
art winding core designs for minimizing ID comedown 

10 have been based on txibe strength at failure, as 

determined by flat or radial crush strength tests, such 
prior art winding cores can still exhibit poor inside 
diameter stiffness, and thus poor resistance to ID 
comedown, during winding processes. 

15 This invention provides mult i -grade 

paperboard winding cores having structures optimized 
for resistance to ID comedown wherein stronger, higher 
density paperboard materials, are positioned to achieve 
maximum impact on the ID comedown performance of the 

20 winding core. The mult i -grade paperboard winding cores 
of the invention comprise a cylindrical bodywall formed 
of a plurality of structural paperboard plies or layers 
in which one or more paperboard layers centrally 
positioned in the bodywall, have a lower density, i.e., 

25 strength, as compared to radially inward and radially 
outward structural paperboard layers forming the tiibe 
bodywall. The radially outward and radially inward 
paperboard layers are formed from higher density 
paperboard having a density at least about 3% greater 

3 0 than the centrally positioned paperboard layer or 
layers . 

Preferably, the multi-grade paperboard 
winding cores of the invention include at least five 
individual layers, of which at least two are centrally 
3 5 located lower density paperboard layers. The centrally 
located paperboard layer or layers are positioned, 
according to preferred embodiments of the invention, at 
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the center of the wall of the paperboard tube or offset 
radially outwardly within the tiobular bodywall . The 
multi-grade paperboard cores of the invention can be 
formed by a convolute winding or spiral winding process 
5 and are preferably spirally wound tubes. 

Advantageously, between about 3 0% and about 
70% of the plies are formed of the lower density 
paperboard. It is also preferred that the difference 
in density between the low density and the high density 
10 layers be at least about 5%, based on the lower density 

paperboard. , 

In other, preferred embodiments of the 
invention, the multi-grade winding cores of the 
invention are sized and configured for use as textile 
15 winding cores. In textile winding core embodiments of 
the invention, the multi-grade paperboard cores 
typically include an exterior, circumf erentially 
oriented start-up groove adjacent at least one end for 
initiating start-up of winding of a yam, filament or 
20 thread wound onto the core. The textile winding cores 
advantageously have an inside diameter of greater than 
about 2.8 inches (70 mm), and less than about 6 inches 
(150 mm) . Preferred high speed textile winding core 
embodiments of the invention are formed of spirally 
25 wound paperboard plies woiind at a spiral winding angle 
of. greater than 71 degrees . In high speed winding 
cores having a relatively large ID above about. 4.8 in. 
(120 mm) , the paperboard plies are preferably wound at 
a winding angle of greater than 74 degrees. 
3 0 The multi -grade paperboard winding cores of 

the invention can be constructed from paperboards of 
only two different densities, or from paperboards of 
three or more densities. In one preferred construction 
employing paperboards of three densities, the 
3 5 intermediate density paperboard layers are preferably 
positioned within the tube wall as two separate groups 
of contiguous layers. One group of intermediate 
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density layers is positioned between the radially 
inward high density layers, and the centrally located 
low density paperboard layers. The other group of 
intermediate density layers is positioned between the 
5 centrally located low density layers, and the radially 
outward high density layers . 

The paperboard winding cores of the invention 
can be prepared from a wide range of paper grades and 
with varying liumbers of layers of each grade . In each 

10 instance, construction of the multi-grade, multiple 
layer paperboard winding cores according to the 
invention can provide winding cores with improved 
resistance to inside diameter reduction. Indeed, the 
tube cons tmct ions of the invention can, compared to 

15 some prior art paperboard winding cores, both 

substantially improve winding core performance, and 
also decrease the overall usage of natural resources, 
e.g., virgin wood pulp, and energy resources, that are 
used in manufacture of the winding core. The 

20 paperboard winding cores of the invention also increase 
the flexibility of the tube manufacturing process by 
providing a choice among different paper types for 
achieving the desired ID comedown resistance in the 
final winding core. 

25 The paperboard winding cores of the invention 

can substantially irnprove efficiencies in textile and 
film winding processes, particularly winding processes 
that apply radial pressures above about 100 psi to the 
core. Finished packages of wound yams and films 

3 0 including the winding cores of the invention can thus 
be produced by textile and/or film manufacturers at a 
decreased overall cost. 

Brief Description of the Drawings 
In the drawings which form a portion of the 

35 original disclosure of the invention: 

Figure 1 is a perspective view of a multi- 
grade spirally wound paperboard winding core in 
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accordcuice with the invention, configured for use as a 
yam winding core; 

Figxire 2 is a greatly enlarged partial cross - 
sectional view taken along line 2-2 of Figure 1 
5 illustrating the arrangement of paperboard layers in 
the multi -grade spirally wound paperboard core of 
Figure 1; 

Figure 3 schematically illustrates the 
process for manufacturing paperboard tubes according to 

10 one preferred embodiment of the invention; and 
Figure 4 is a composite graph that 
illustrates ID comedown, based on computer modeling, 
for multi-grade paperboard winding cores having 15 - 
layer constructions of five low density paperboard 

15 layers and 10 high density paperboard layers, and 
wherein the high density and low density layers are 
provided in differing radial locations throughout the 
core bodywall . 

Detailed Description of the Invention 

20 In the following detailed description of the 

invention, the preferred embodiments of the invention 
are described in order to enable practice thereof. 
Although a textile winding core is specifically 
described below, it will be apparent that the invention 

25 is also applicable to film winding cores. It will also 
be apparent that various terms are used in order to 
describe the invention and not for purposes of 
limitation, and that the invention is susceptible to 
numerous changes and variations as will become apparent 

30 from a consideration of the invention as shown in the 
attached drawings and described below. 

Figure 1 illustrates a spirally wound 
paperboard textile winding core 10 formed of a 
cylindrical body wall 11 in accordance with the 

35 invention. The cylindrical body wall 11 is formed of a 
plurality of plies of paperboard having a spiral 
winding angle 12, which is expressed as the angle of 
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wind of the paperboard plies relative to the 
longitudinal axis of the tubular core 10, as 
illustrated in Figure 1. 

As also shown in Figure 1/ the winding core 
5 10 has a predetermined inside diameter 14 and a 
predetermined outside diameter 15 which, together, 
define a predetermined wall thickness 16 . The 
paperboard plies forming tube 10 have a width 18 which 
is normally about the same for all layers of the 
10 bodywall 11, but which can vary slightly in the case of 
a relatively thick bodywall. The width of the ply 
forming the inside surface of the tube, taken together 
with the inside diameter 14 of the tube, determines the 
spiral winding angle 12 of the tube due to geometrical 
15 considerations . 

As illustrated in Figure 1, textile winding 
cores typically include a start-up groove 20 or a 
similar means adjacent one end (or, in some cases, both 
ends) of the core, useful in initiating start-up of a 
20 yam, which may be a continuous monofilament, 

multifilament, or spun yarn, that is wound onto the 
core at high speed. As is well known to those skilled 
in the art, the start-up groove 20 provides a mechanism 
for gripping the start-up end of a thread or yam which 
25 comes into contact with the groove 20 due to the action 
of an operator or an automatic mechanism in a 
conventional winder , 

Because of standards and uniformity 
considerations in the textile industry, equipment for 
30 winding and xinwinding of yarns and threads is generally 
constructed to support a textile core having an inside 
diameter 14 of greater than about 2.8 inches (70 mm) up 
to less than about 6 inches (150 mm) . For high speed 
performance, the textile cores 10 are typically limited 
35 to wall thicknesses of less than about 0.40 in. 

(10.2 mm) . The textile winding cores 10 normally have 
a length within the range of between about 100 mm (3.9 
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in) and 350 mm (13.8 in). Winding cores for winding of 
film and paper according to the invention can have 
lengths up to about 150 inches and diameters up to 12 
inches; however, winding cores of the invention are 
5 particularly desirable for use with winders in which a 
mandrel extends substantially into, or fully through 
the winding core, in which case the core will typically 
have a length of less than aibout 36 in, more typically 
less than about 24 in. 

10 Figure 2 illustrates one preferred bodywall 

construction for bodywall 11 of the spirally wound ttibe 
illustrated in Figure 1 . In the bodywall construction 
illustrated in Figure 2, there are 6 structural 
paperboard layers, 22, 24, 26, 28, 30 and 32. In 
. 15 addition, the bodywall illustrated in Figure 2 includes 
non- structural exterior and interior layers, 34 and 36, 
respectively, that provide various surface 
characteristics to the winding cores, discussed below. 

The structural layers illustrated in Figure 

20 2, i.e., layers 22, 24, 26, 28, 30 and 32, are 
positioned to optimize ID comedown resistance. 
Paperboard layers 26 and 28 are positioned in a central 
portion of the tube wall 11. These centrally 
positioned paperboard layers are formed from lower 

25 density paperboard ply strips. The central lower 
density paperboard layers 26 and 28 are positioned 
between two radially outwardly positioned structural 
layers, 24 and 22, and two radially inwardly positioned 
paperboard layers, 3 0 and 32. The radially inwardly 

30 located layers, 3 0 and 32, and also the radially 

outwardly located layers, 24 and 22, are formed from 
paperboard having a density higher than that of the low 
density paperboard used to form layers 26 and 28. The 
higher density plies 30, 32 and 24, 22 can have the 

3 5 same or different densities, but are each higher than 
the density of the central plies. 
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Although the textile winding core of Figure 1 
is shown as having 6 structural layers, it will be 
apparent that winding cores of the invention can have a 
wide ranging number of layers from, for example, five 
5 layers up to about 15-25 layers and higher. In 

preferred embodiments of the invention, the winding 
cores will include at least 8 structural layers. In 
addition, it is preferred that the cores include at 
least two, more preferably at least four, lower density 

10 layers, and at least two radially exterior and at least 
two radially interior paperboard layers of a higher 
density paperboard. 

Paperboard densities are determined for the 
purposes of the subject invention in accordance with 

15 the Tappi 220 and 411 standard tests. According to 

these tests, the paperboard is fully conditioned at 73® 
± l^F and at 50% ± 2% relative humidity until it 
reaches equilibrium. Thereafter, at least 5 samples 
from the paperboard are measured for thickness, and 

2 0 area and are weighed. Density is then determined by 
dividing the weight in grams by the volume in cubic 
centimeters. 

Paperboard strips or plies of a widely 
varying range of densities and thicknesses are used to 

25 form paperboard tubes as is well known in the art. The 
present invention can employ paperboard plies having 
thicknesses and densities throughout the ranges of 
thickness and density conventionally used in the art. 
Typically such densities range from about 0,50 to about 

30 0.90 g/cm^, more typically from about 0.55 to about 0.85 
g/cm^. Paperboard strength and density are typically 
varied by varying pulp treatments, degree of nip 
compression and raw materials, and can also be changed 
by employing various known additives and strengthening 

35 agents during the paper making process. Paperboard 

plies conventionally used in forming winding cores and 
useful herein typically have a thickness within the 
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range of between about 0.003 in. and about 0.050 in., 
more typically between about 0.008 in. and about 0.040 
in. 

Preferably, in the winding cores of the 
5 invention, at least a portion of the paperboard plies 
forming each of the radially interior and radially 
exterior layers, 30, 32, and 22, 24, respectively, of 
the body wall 11, have a density greater than about 
0.70 g/cm^ because of the strength recjuirements for 

10 winding cores. More preferably, the textile winding 
cores of the invention .include at least two radially 
interior layers and at least two radially exterior 
layers, each having a density greater than about 0.70 
g/cm^. In extremely high stress environments, it is 

15 desirable that at least one radially exterior, and at 
least one radially interior layer have a density 
greater than about 0.73 g/cm^. 

The paperboard layers of higher and lower 
density have a density difference of at least about 3% . 

20 This difference is determined by subtracting the 
density of the plies forming the lower density 
paperboard layer or layers from the density of the 
paperboard forming higher density paperboard layer and 
expressing the difference as a percentage of the 

25 density of the lower density paperboard layer. 

Advantageously, the higher density paperboard layers 
have a density at least about 5% greater than the low 
density layers . 

Advantageously, between about 15% and about 

3 0 85% of the total structural layers are formed from 
higher density paperboard. The exact ratio of high 
density and low density layers can be varied depending 
on tube wall thickness and strength requirements. For 
high strength tubes, it is preferred that between about 

3 5 3 0 and about 70% of the layers are higher density 
paperboard. 



wo 95/19930 



PCTAJS93W764 



-14- 

Returning to Figures 1 cind 2, typically ixi a 
textile core, a very thin non- structural surface layer 
such as layer 34 is provided in order to itr^^art certain 
surface finish, texture and/or color characteristics to 
5 the surface of the textile core. Normally, a paper 
material such as a parchment paper is used to form 
surface layer 34. It is also conventional to employ a 
surface layer 34 wherein the edges of the ply are 
overlapped a small amount as indicated generally by 
10 phantom lines at 38 in Figure 1. A thin paperbbard 
non- structural interior layer 36 is also shown in 
Figure 2. 

As will be apparent to those skilled in the 
art, such non- structural layers can be formed of 

15 paperboard or non-paperboard materials including foxls, 
films, impregnated paper layers, cind the like. Such 
non- structural layers can be included in winding cores 
to provide special surface properties including a 
special surface finish, a gripping surface, a coloring 

20 layer or the like. For the purposes of the present 
invention, such exterior layers and interior layers 
which are provided for specific sxirface property 
functions, and which do not contribute substantially to 
wall strength or thickness, are considered to be nom- 

25 structural layers. However, those skilled in the art 
will recognize that a structural layer can include a 
surface treatment in order to provide a desired finish, 
color, or the like to the exterior or interior of the 
tube surface. In such instances, wherein the 

3 0 paperboard layer is constructed and arranged for 

contributing both to (1) surface characteristics such 
as finish, color, hardness or the like; and (2) wall 
strength and/or thickness; such a layer is considered 
to be a structural layer. For example, textile winding 

35 cores typically include, just below the parchment 

layer, a paperboard layer having a surface of gre.ater 
smoothness than the surface of common paperboard. This 
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paperboard layer typically has a thickness and strength 
such that it contributes substantially to the wall 
thickness and strength of the winding core, and is thus 
considered to be a structural layer. 
5 Again returning to Figure i, the plies 

forming the winding core 10 normally are wound at a 
winding angle of greater than about 55 degrees. In 
preferred high speed winding core embodiments of the 
invention, the spirally wound paperboard plies forming 

10 the structural layers of the core 10, each form a 

spiral winding angle with the axis of the cylindrical 
body wall of greater than 71 degrees. In winding cores 
having a relatively large ID of between about 4.8 in. 
(120 mm) and 6 in. (150 mm) , the paperboard plies 

15 forming the spirally wound paperboard winding cores 
preferably form a winding angle of greater than 74 
degrees. These high wind angle winding cores exhibit 
enhanced high speed winding capability for winding of 
textile filaments and yams and other materials sucli as 

20 films, by minimizing or eliminating the phenomena of 
core disintegration or 'explosion' during high speed 
winder start-up, as disclosed in U.S. Patent 
Application Serial No. 08/087,599; filed July 2, 1993; 
by Yanping Qiu, Teriry D. Gerhsirdt, Tony F. Rummage, and 

25 Clifford A. Bellum, Jr. for "HIGH SPIRAL ANGLE TEXTILE 
CORES", which is incorporated herein by reference. In 
accord with the present invention, it has been found 
( that high winding angles also improve the ID comedown 

resistance of winding cores by increasing the interior 

30 diameter stiffness of the cores. 

Figure 3 schematically illustrates one 
preferred process of forming multi -grade paperboard 
t\ibes in accordance with the invention. In Figure 3, 
the innermost non- structural paperboard ply 36 is 

35 supplied from a source (not shown) for wrapping siround 
a stationary mandrel 40. Prior to contacting the 
mandrel 40, the paperboard ply 36 is treated on its 
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exterior face with a conventional adhesive from an 
adhesive supply 42. The next paperboard ply layer 32 
is thereafter wound onto layer 36. Layer 32, which is 
the innermost structural paperboard layer is formed of 
5 a higher density paperboard material as described 
previously. This layer is typically treated on both 
exterior and interior faces by immersion in an adhesive 
bath 44, or by a roller coating, or a metering adhesive 
coating process as is known in the art. Thereafter; 

10 paperboard layers 30, 28, 26, 24 and 22, respectively 
are wound in overlapping relation onto the first two 
layers in order to build up the structure of the 
paperboard wall. As with layer 32, each of plies 30, 
28, 26, 24 and 22 are immersed in an adhesive bath 44 

15 or are otherwise coated with adhesive prior to winding 
onto the mandrel 40. As discussed previously with 
respect to Figure 2, it will be apparent that plies 28 
and 26 are lower density paperboard plies while plies 
32, 30, 24 and 22 are higher density paperboard plies. 

20 It will also be apparent that the higher density 
paperboard plies, 2 8 and 26 will form contiguous 
paperboard layers positioned centrally within the txibe 
wall between the radially interior low density 
contiguous paperboard layers formed from plies 32 and 

25 30, and the radially exterior contiguous paperboard 
layers formed from plies 24 and 22. 

A rotating belt 46, driven by means not 
shown, rotates the entire multiple layered structxire 
45, thereby causing the structure to move to the right 

30 on mandrel 40. Thereafter, a non- structural ply 34 may 
be applied to the outside of the partially formed ttibe 
45 to thereby form the completed tube structure 10 
illustrated in Figure 1. Although not specifically 
shown in Figure 3, as known to those skilled in the 

3 5 art, it is typical that plies provided for exterior 

surface smoothness, such as non- structural ply 34, are 
applied to the tube structure at a location downstream 
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of the rotating belt 46. Prior to contacting the 
partially formed tube structure 45, non- structural 
paperboard ply 34 is coated on its bottom face by 
adhesive supply 48 with an adhesive material. The 
5 exterior face of nonstructural ply 34 contributes a 
predetermined surface finish or appearance to the 
outside of the thus formed continuous tube 10. 

The continuous txibe 10 is moved to the right 
down the mandrel 40 and is thereafter cut into parent 

10 tubes by a rotating saw or blade, (not shown) • 

Thereafter each parent tube is cut into individual 
tubes having a predetermined lengrth that is chosen 
depending on the desired end use for the paperboard 
tube. For example, where the paperboard tube is 

15 intended for use as a textile core, the tube length 

will normally be within the range of between about 100 
mm (3.9 in) and 350 mm (13.8 in). Where the paperboard 
tube is intended for use as a support for a film or 
foil material, the length will typically be within the 

20 range of between about 4 inches and about 15 0 inches, 
preferably less than about 36 in, more preferably less 
than about 24 in. 

The process illustrated in Figure 3 is 
subject to many changes well known in the art. For 

25 example, the system can include several belts 46; the 
plies can all be fed from the same side of the mandrel; 
the plies can be fed on top of or beneath the mandrel 
as desired., etc. 

The tubes and the tube forming process 

30 illustrated in Figures 1-3 are spiral wound tubes and 
processes. However, the invention is also applicable 
to convolute wound tubes. In such case, a single sheet 
of paperboard can be wound a plurality of turns at 90 
degrees on a mandrel to form one or a plurality of 

35 contiguous layers or plies of the same density. 

Thereafter a second paperboard sheet of a lower density 
is used to form one or a plurality of layers, of a 
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lower density radially outwardly on top of the first 
layer or groups of layers. Then, a third paperboard 
sheet of density higher than the second sheet is used 
to form a layer, or a group of layers radially 
5 outwardly on top of the layer or layers formed from the 
second sheet. 

Figure 4 is a composite graph that 
illustrates ID comedown, based on computer modeling, 
for multi -grade paperboard winding cor'es having 15 
10 layer constructions of five high density paperboard 
layers and 10. low density paperboard layers , and 
wherein the high density and low density layers are 
provided in differing radial locations throughout the 
core bodywall . 

. 15 The results illustrated in Figure 4 are based 

on tube models with 3 inch inside diameters using, in 
each case, 15 plies of 4 in. width, 0.02 0 in. thickness 
paperboard plies (corresponding to a wind angle of 65^ 
and a wall thickness of 0.3 00 in) . 

20 Two different types of paperboard, labeled, 

"LD" and "HD" are used in the model. The density of 
the HD plies is 0.735 g/cm^ and the density of the LD 
paper plies is about 0.695 g/cm\ Thus, the HD ply has 
a density about G % greater than that of the LD ply. 

25 The LD paperboard used in the model is the same 
paperboard discussed in detail in; T.D. Gerhardt, 
ExterTial Pressure Losiding of Spiral Paper Tubes; Theory 
and Experiment, Journal of Engineering Materials and 
Technology, Vol. 112, pp. 144-150, (1990), with the 

3 0 same physical properties, calculated in the same manner 
as reported therein. The HD paperboard is assumed to 
have moduli 50% greater than the LD paperboard (in 
general correspondence with the higher density noted 
above) . The Poisson's ratio is assumed to be the same 

3 5 for both paperboards . Thus the paperboards are assumed 
to have the properties set forth in Table 1, below. 
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Table 1 



Elastic 
Constants 



High Density 
Plies 



Low Density 
Plies 



5 




1.58 M psi 
0.53 M psi 
8.3 K psi 
0.33 M psi 
0.39 



1.05 M psi 
0.35 M psi 
5.5 K psi 
0.22 M psi 
0.39 



10 



1.52 
1.84 



1.52 
1-84 



15 



Ekd/ Ecd/ and E„ are Yovmg's moduli along MD, CD, 
and ZD, respectively; and 

G«>.cD/ Vhd.cd/ Viid.xd and v^^^ are in-plane shear 
modulus, in-plane Poisson's ratio, and out-of -plane 
Poisson's ratios, respectively. 



The ID comedown data set forth in Figure 4 



20 were derived using the elasticity solution set forth in 
the previously described T. D. Gerhardt pxiblication. 
The elasticity equations described in detail therein 
were extended and used as the basis for computer 
modeling to calculate the ID comedown of the tube at an 

25 applied radial load of 1,0 psi. Typically the radial 
loads applied during a high stress winding process are 
believed to exceed about 100 psi, and can exceed 200 
psi, or even 300 psi in some cases. Thus the ID 
comedown values of Fig. 4 would need to be multiplied 

30 by actual pressures applied to a winding core, e.g., by 
a value of 100 when the core is subjected to an applied, 
pressure of 100 psi. In addition it is to be noted 
that the two paper densities used in the computer model 
correspond generally to commercially available 

35 paperboards of moderately low and moderately high 
strength. 



seen that with a 15 ply tube construction in which only 
one-third of the plies, (5 plies) , are high density 
40 paperboard, the ID comedown can vary considerably. 
When all of the high density paperboard plies are 



With reference now to Figure 4, it can be 
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positioned centrally within the tiibe wall, the ID 
comedown is the greatest as shown in the top portion of 
the upper solid line of Figure 4. ID comedown 
resistance is increased when at least one of the high 
5 density paperboard plies is positioned as the inneipntiost 
structural layer and when at least one high density 
paperboard ply is positioned as the outermost 
structural layer as shown by the various constructions 
on the lower, dotted li'iie of Figure 4. In addition, it 

10 will be apparent that ID comedown resistance is not 
optimal where_ all high density paperboard plies are 
positioned at either the exterior or at the interior 
surface of the tube wall. The most desirable ID 
comedown resistance is provided when all LD paperboard 

15 plies are positioned contiguously, as a group within 
the tube wall and offset slightly towards the tube 
exterior diameter as shown by the ID comedown 
resistance of the 3HD-10IiD-2HD construction paperboard 
tube. 

20 The improved winding cores of the invention 

can be used in various end uses. It will be apparent 
that the invention is particularly important for those 
end uses where high compression loading, e.g., above 
about 100 psi, is an important consideration. These 

25 end uses include cores for winding textiles having wall 
thicknesses ranging from about 0.15 in. (3.8 mm) to 
about 0.90 in. (11.4 mm), more preferably between about 
0.23 in. (6 mm) and about 0.3 0 in. (7,5 mm), and 
lengths ranging from about 3.9 in. (100 mm) to about 

30 13.8 in. (350 mm); and winding cores constructed for 
film having wall thicknesses of 0.15 in. (3.8 mm) to 
0.70 0 in. (17.8 mm) and lengths of from about 5 in. 
(125 mm) up to about 150 in. (3.8 m) , but normally less 
than about 3 0 in (760 mm) ; and the like. Moreover, as 

35 indicated previously, the cores of the invention are 

particularly useful in those winding operations wherein 
a winding mandrel either extends fully through the ID 
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of the winding core, or a substantial distance into the 
interior of the core such that in the event of 
significant ID comedown, removal of the core from the 
mandrel is problematic. 
5 As indicated previously, the invention offers 

the potential for significant performance improvement 
while minimizing use of energy and virgin wood pulp 
resources, particularly when a plurality of paperboard 
plies in excess of about 8, preferably about 10 or 
10 more, are used in the construction of the paperboard 

winding core.. In such instances, the present invention 
also provides increased manufacturing flexibility for 
selecting an appropriate mixture of high density and 
low density papers, to provide a winding performance 
15 optimized for the desired end use. 

The invention is susceptible to numerous 
changes and variations. For example, the invention has 
been described in connection with the use of paperboard 
plies having two different densities. However, the 
20 invention can also be used with paperboard plies of 
three or more densities. In such instances, the 
intermediate density paperboard plies are preferably 
positioned adjacent the central, low density paperboard 
plies on both sides thereof. Thus, the intermediate 
25 density paperboard plies are preferably divided into 
substantially equal portions. One portion is used to 
provide contiguous intermediate density layers between 
the central low. density paperboard plies and the radial 
outward high density plies. The other intermediate 
30 density plies are preferably positioned contiguously 
between the central low density paperboard plies and 
the radially inwardly located paperboard plies. 

It will also be apparent that this invention 
can provide substantial benefits for enhancing 
35 resistance to ID comedown even when the construction 

yielding an absolute maximum comedown resistance is not 
used. Thus for example, several lower density 
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paperboard plies can be positioned centrally within the 
tube wall/ positioned closely adjacent to each other 
radially, but can include one or more high density 
layers distributed therein, i.e., between a pair or 
5 pairs of the low density plies, without loss of the 
benefits of the invention. Moreover, non-paperboard 
plies can be included within the tube wall also. 
Similarly, the use of exterior and interior low density 
paperboarcl layers can be employed within the teachings 

10 of this invention so long as other high density layers 
of the tube wall are positioned on or adjacent to both 
the exterior and interior surfaces of the tube bodywall 
for increasing the ID comedown resistance of the tube. 
In such cases, however, it is preferred that at least a 

15 majority or more of the low density plies are centrally 
located. 

The invention has been described in 
considerable detail with reference to its preferred 
embodiments. However, variations and modifications can 
20 be made without departure from the spirit and scope of 
the invention as described in the foregoing detailed 
specification and defined in the appended claims. 
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CIiAIMS : 

1. A multi-grade' paperboard winding core of 
enhanced resistance to inside diameter reduction under 
radial compression loading comprising: 

a tubular bodywall formed from a plxirality of 
5 structural paperboard layers and being defined in 

radial cross section by at least one centrally located 
paperboard layer formed of a paperboard of a first 
density disposed between at least one radially inwardly 
positioned structural paperboard layer and at least one 
10 radially outwardly positioned structural paperboard 
layer; 

wherein the radially outward and radially 
inward positioned paperboard layers are formed from a 
paperboard having a density that is at least about 3% 
15 greater than said first density of said paperboard 
forming the centrally positioned paperboard layer to 
thereby enhance the resistance to inside diameter 
reduction under radial compression loading of the 
multi -grade paperboard winding core. 

20 2. The multirgrade paperboard winding core 

of Claim 1 comprising at least 5 structural paperboard 
layers including at least two contiguous centrally 
located layers formed from said first density 
paperboard . 



25 3. The multi -grade paperboard winding core 

of Claim 2 wherein said tubular bodywall is a spirally 
wound paperboard bodywall. 

4. The multi-grade paperboard winding core 
of Claim 2 wherein the centrally located paperboard 
3 0 layer of said first density are offset radially 
outwardly within the t\ibe wall . 
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5. The mult i -grade paperboard winding core 
of Claim 2 comprising at least two radially inwardly 
located paperboard layers having a density above about 
0.70 g/cra^ and at least two radially outwardly located 
5 paperboard layers having a density above about 0.70 
g/cm^ . 

6- The multi -grade paperboard winding core 
of Claim 1 wherein between about 15% and 85% of the 
layers in the tubular bodywall are formed of the higher 
10 density paperboard. 

I . The multi-grade paperboard winding core 
of Claim 5 comprising at least 8 structural paperboard 
layers ♦ 

8. The multi -grade paperboard winding core 
15 of Claim 1 wherein between about 30% and about 70% of 

the paperboard layers are formed of the first density 
paperboard . 

9. The multi-grade paperboard winding core 
of Claim 8 comprising at least 15 paperboard layers. 

20 10. The multi-grade paperboard winding core 

of Claim 9 wherein said higher density paperboard 
layers have a density at least about 5% greater than 
the lower density paperboard plies. 

II. The multi -grade paperboard winding core 
25 of Claim 1 configured for use as a textile winding core 

and additionally comprising at least one non- structural 
layer of paperboard disposed on the exterior surface of 
the tubular bodywall. 



wo 95/19930 



PCrAJS9S/00764 



-25- 

12- The multi-grade paperboard winding core 
of Claim 1 wherein said tubular winding core is a 
convolutely wound tube. 

13. The multi -grade paperboard winding core 
5 of Claim 1 comprising at least 5 structural paperboard 
layers including a plurality of centrally located 
layers formed of said first density paperboard, said 
centrally located plurality of layers being located 
radially closely adjacent each other and additionally 
10 comprising at least one higher density layer between at 
least two of said first density layers. 

14 . A multi-grade spirally wound paperboard 
winding core adapted for enhanced resistance to inside 
diameter reduction resulting from an outwardly applied 

15 radial compression load resulting from a textile or 
film material wound onto said core comprising: 

a cylindrical bodywall having a plurality of 
structural paperboard layers formed from paperboard of 
at least two predetermined densities comprising a first 

20 lower density and a second higher density, said second 
higher density being at least 3% greater than the first 
lower density and in excess of about 0.70 g/cm^, said 
cylindrical bodywall being defined in radial cross 
section by a plurality of contiguous, centrally located 

25 paperboard layers formed from the lower density 
paperboard, said centrally located layers being 
disposed between at least one inwardly located 
structural paperboard layer and at least one outwardly 
located structural paperboard layer, each of said 

3 0 inwardly and outwardly located paperboard layers being 
formed from said higher density paperboard or 
paperboard of a density higher than said first higher 
density. 
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15. The mult i -grade spirally wound 
paperboard winding core of Claim 14 comprising at least 
two contiguous higher density paperboard layers, each 
of which are fonned from paperboard of density greater 

5 than or equal to said second higher density. 

16. The multi-grade spirally wound 
paperboard winding core of Claim 15 wherein said 
contiguous higher density paperboard layers are located 
radially inwardly of said centrally located paperboard 

10 layers • 



17. The multi-grade spirally wound 
paperboard winding core of Claim 15 wherein there are a 
plurality of contiguous higher density paperboard 
layers formed from paperboard of density greater than 

15 or equal to said second higher density, each of which 
are located radially outwardly of said centrally 
located paperboard layers. 

18. The multi-grade spirally wound 
paperboard winding core of Claim 15 wherein between 

20 about 15% and 85% of the layers in the paperboard in 
the cylindrical bodywall are formed from said higher 
density paperboard. 

19. The multi-grade spirally woxznd 
paperboard winding core of Claim 18 comprising at least 

25 10 structural paperboard layers. 

20. The multi-grade spirally wound 
paperboard winding core of Claim 15 wherein between 
about 30% and about 70% of the paperboard layers are 
formed from said paperboard of said first lower 

30 density. 
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21, The multi-grade spirally wound 
paperboard winding core of Claim 20 comprising at least 
15 paperboard layers. 

22. The multi-grade spirally wound 

5 paperboard winding core of Claim 21 comprising at least 
two contiguous radially inwardly located higher density 
paperboard layers, each having a having a density 
greater than or equal to said f?,econd higher density and 
wherein said second higher density is at least about 5% 
10 greater than the first lower density. 

23 . The multi-grade spirally wound 
paperboard tube of Claim 15 additionally comprising at 
least one non- structural layer formed of paperboard or 
another material disposed on the exterior surface or 

15 the interior surface of the tiibular bodywall. 

24 . The multi-grade spirally wound 
paperboard winding core of Claim 14 comprising at least 
5 structural paperboard layers including a plurality of 
centrally located layers formed of said lower density 

2 0 paperboard, said centrally located plurality of layers 

being located radially closely adjacent each other and 
additionally comprising at least one higher density 
layer between at least two of said lower density 
layers . 

25 25. The process for forming a multi-grade 

spirally wound paperboard winding core of enhanced 
resistance tq inside diameter reduction comprising: 

applying adhesive to a first group of 
paperboard plies comprising one or more continuous 

3 0 paperboard plies having a first predetermined, density 

and spirally winding the first group of paperboard 
plies around a stationary mandrel in overlapping 
relation; 
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applying adhesive to a plurality of 
paperboard plies having a second density such that said 
first predetermined density is at least about 3% higher 
than the second density, and spirally winding said 
5 plurality of second density continuous paperboard plies 
in overlapping relation on top of said first group of 
paperboard plies; and 

applying adhesive to a third group of 
paperboard plies comprising one or more continuous 

10 paperboard plies having substantially the same density 
as said first predetermined density and spirally 
winding said third group of paperboard plies in 
overlapping relation on top of said plurality of second 
density paperboard plies to thereby form a multi-grade 

15 spirally wound paperboard tube comprising a plurality 
of plies formed from said first group of continuous 
paperboard plies, said plurality of second density 
paperboard plies and said third group of paperboard 
plies . 

20 26. The process of Claim 25 wherein the 

third group of paperboard plies comprises at least two 
continuous plies of said first predetermined density. 



27. The process of Claim 26 wherein the 
plurality of paperboard plies of second density 
25 comprises at least three continuous paperboard plies of 
said second density. 



28. The process of Claim 27 wherein the 
plurality of paperboard plies of said first density 
have a density at least 5% higher than said second 
30 predetermined density. 
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29- A process for winding a textile or film 
material comprising: 

supporting a tubular multi -grade spirally 
wound paperboard winding core on a mandrel of a winding 
5 apparatus such that the mandrel extends a substantial 
distance into the interior of the core; and 

winding a continuous film or yam onto the 
multi -grade spirally wound paperboard winding core to 
thereby apply a., radial compression load onto the outer 

10 surface of said winding core; 

wherein said winding core comprises a 
cylindrical bodywall having a plurality of structural 
paperboard layers formed from paperboard of at least 
two predetermined densities comprising a first lower 

15 density and a second higher density, said second higher 
density being at least 3% greater than the first lower 
density, said cylindrical bodywall being defined in 
radial cross section by a plurality of contiguous, 
centrally located paperboard layers formed from the 

20 lower density paperboard, said centrally located layers 
being disposed between at least one inwardly located 
structural paperboard layer and at least one outwardly 
located structural paperboard layer, and each of said 
inwardly and outwardly located paperboard layers being 

25 formed from said higher density paperboard or 

paperboard of a density higher than said first higher 
density. 

30. The process of Claim 29 wherein said 
second higher density is at least about 0.70 g/cm^. 

3 0 31. The process of Claim 3 0 wherein said 

radial compression load applied onto the outer surface 
of said winding core is at least about 100 psi. 
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32. The process of Claim 30 wherein said 
multi -grade spirally woiind paperboard winding core 
comprises at least two contiguous higher density 
paperboard layers, each of which are formed from 

5 paperboard of density greater than or equal to said 
second higher density. 

33. The process of Claim 32 wherein said 
mandrel extends fully through said winding core. 

34. The process of Claim 33 wherein said 

10 contiguous higher density paperboard layers are located 
radially inwardly of said centrally located paperboard 
layers. 

35. The process of Claim 33 wherein between 
about 15% and 85% of the layers in the paperboard in 

15 the cylindrical bodywall are fozined from said higher 
density paperboard. 

36- The process of Claim 35 wherein said 
multi -grade spirally woimd paperboard winding core 
comprises at least 8 structural paperboard layers. 

20 37. The process of Claim 36 wherein said 

multi -grade spirally wound paperboard winding core 
coTT^rises at least two contiguous radially inwardly 
located higher density paperboard layers, each having a 
having a density greater than or equal to said second 

25 higher density and wherein said second higher density 
is at least about 5% greater than the first lower 
density. 

38. The process of Claim 33 wherein said 
contiguous higher density paperboard layers are located 
3 0 radially outwardly of said centrally located paperboard 
layers. 
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39. The process of Claim 3 0 wherein said 
radial compression load applied onto the outer sxirface 
of said winding core is at least about 200 psi - 

40. The process of Claim 40 wherein said 
5 mandrel extends fully through said winding core. 



c 
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